Adequate adaptation of the gastrointestinal (GI) tract is important during 32 pregnancy to ensure that the increased metabolic demands by the developing 33 fetus are met. These include changes in surface area mediated by villus 34 hypertrophy and enhanced functional capacity of individual nutrient receptors 35 including those transporting glucose, fructose, leucine, and calcium. These 36 processes are regulated either by the enhanced nutrient demand or are 37 facilitated by changes in the secretion of pregnancy hormones. Our review also 38 covers recent research into the microbiome, and how pregnancy could lead to 39 microbial adaptations, which are beneficial to the mother, yet are also similar to 40 those seen in the metabolic syndrome. The potential role of diet in modulating 41 the microbiome during pregnancy, as well as the potential for the intestinal 42 microbiota to induce pregnancy complications are examined. 43 44 Gaps in the current literature are highlighted including those where only 45 historical evidence is available, and we suggest areas that should be a priority for 46 further research. In summary, although a significant degree of adaptation has 47 been described, there are both well-established processes, and more recent 48 discoveries such as changes within the maternal microbiome that pose new 49 questions as to how the GI tract effectively adapts to pregnancy, especially in 50 conjunction with maternal obesity. 51 52
Introduction 56
The perinatal period is associated with widespread adaptations in a majority of 57 maternal organ systems in order to ensure that nutrient supply to both the 58 mother and developing fetus can be maintained. These temporary changes, 59
collectively known as homeorhesis (Bauman and Currie 1980) , are necessary to 60 optimise health during pregnancy, and to enable the mother to meet the 61 additional energetic and nutrient demands that accompany lactation. Many of 62 these maternal physiological adaptations have been previously reviewed. This 63 includes articles summarising the changes in energy metabolism (Herrera 2000, 64 Prentice and Goldberg 2000), and circulation (Hunter and Robson 1992) , in both 65 women of normal (King 2000) and excess body mass index (BMI) (King 2006) . 66
There is also a substantial body of literature covering adaptation of the placenta 67 to different nutrient intakes (Jones et al. 2007 , Lager and Powell 2012), but there 68 is comparatively little work exploring whether the gut and bacterial inhabitants 69 of the gut are subject to similar changes. 70
71
The aim of this review is to discuss the variety of changes that have been 72 demonstrated to occur in the small and large intestine in pregnancy, ranging 73 from the anatomical to the molecular. It will also highlight the need for further 74 research, as much of the evidence discussed is now dated, and therefore has not 75 been considered in light of the significant increases in average pre-pregnancy 76 prevalence of obesity in women of childbearing age of ~33% between 1988 and 81 2000 (Kim et al. 2007 ). Among Canadian women aged 18-79, the proportion with 82 a BMI classified as underweight, normal weight overweight or obese is 2.2%, 83 44.7%, 29.5% and 23.6% respectively, and the prevalence of obesity among 84 women of child-bearing age (18-44) ranges between 5.5 and 19.4% 85
(Government of Canada 2011). 86 87

Changes in gut physiology during pregnancy and lactation 88
Gross changes of the alimentary tract using wet weight as an indicator of overall 89 size have been assessed in pregnant and lactating rats in studies dating back to 90 the 1930s (Lew et al. 1939) , with more detailed documentation focusing on the 91 intestine beginning in the 1960s. Relative to the non-pregnant state, increases in 92 weight of the stomach and the small intestine of rats have been recorded 93 consistently during lactation but not pregnancy (Souders and Morgan 1957 , Fell 94 et al. 1963 , Campbell and Fell 1964 . One study in sheep reported a 45% increase 95 in small intestine weight (p<0.05 vs age matched non-pregnant controls) in the 96 third trimester (Fell et al. 1972) . Although intestinal weight does not appear to 97 change in pregnant rats, surface area increases throughout pregnancy. Villus 98 height increases in the duodenum by mid-pregnancy (Cripps and Williams 1975) 99 and this is accompanied by intestinal dilatation commencing at the beginning of 100 the final week of gestation; these observations have also been reported in 101 pregnant sheep (Fell et al. 1964 ). These changes persist through lactation (Fell et 102 al. 1963 , Boyne et al. 1966 ) as evidenced by increased serosal circumference and 103 villus height in the jejunum and ileum at the end of lactation in rats, and lactating 104 mice (Campbell and Fell 1964) . More recent research in rats shows villus heights 105 in the jejunum significantly increasing by gestational day 21, with no change in 106 the ileum or duodenum (Sarvestani et al. 2015) . Intestinal length has been 107 reported to be unchanged during pregnancy in rats, but will increase by almost 108 25% during lactation (Craft 1970, Cripps and Williams 1975) . 109
110
The mechanisms proposed to mediate these gross anatomical changes include 111 changing caloric intake, so called "work hypertrophy" (Fell et al. 1963 ). This has 112 been widely debated with two studies in non-pregnant rats showing significant 113 increases in stomach and colon weight with raised nutrient intake but no change 114 in the small intestine (Addis 1932 , Dowling et al. 1967 ). Both an increase in 115 plasma thyroxine and insulin resistance may also play a role, both are known to 116 occur in pregnancy (Branch 1992) , and both have been independently associated 117 with intestinal hypertrophy (Middleton 1971 , Fujita et al. 1998 ). However this is 118 currently speculation as both effects have only been shown in non-pregnant 119 animal models. 120 121 When relating findings from rodent models to humans, substantial differences in 122 energy expenditure must be taken into account. The higher metabolic rate, 123 shorter gestation and larger litter sizes of rodents compared with human and 124 sheep pregnancies could contribute to more pronounced intestinal adaptations 125 than are observed in humans (Hammond 1997 For personal use only. This Just-IN manuscript is the accepted manuscript prior to copy editing and page composition. It may differ from the final official version of record.
Changes in gut motility and transit time 131
An increased occurrence of heartburn, bloating and constipation during 132 pregnancy has been well documented in humans (Feeney 1982) suggesting that 133 intestinal motility and transit time may both be increased. This was initially 134 thought to be caused by the expanding uterus placing pressure on the GI tract 135 (Byrne 1972 ) but additional studies suggest hormonally driven changes may add 136 to mechanical influences that slow these processes. Exposure to high 137 concentrations of progesterone reduces GI motility, with in-vitro treatment of rat 138 GI sections with progesterone leading to reduced contractile activity in 139 oesophageal, antral and colonic tissue (Bruce and Behsudi 1979) . Studies of the 140 effect of progesterone on motilin, a hormone which stimulates GI motility in the 141 stomach, showed significant inverse correlations between motilin and plasma 142 progesterone both during fasting and after a glucose load in humans 143 (Christofides et al. 1982 , Holst et al. 1992 ). This suggests that progesterone has 144 a direct effect on GI tissue motility as well as an inhibitory effect on the action of 145 other hormones. Studies in humans using the lactulose hydrogen breath test to 146 measure oro-caecal transit report no significant changes in transit time in the 147 first trimester, despite women displaying dyspeptic symptoms such as heartburn 148 and bloating. Gut transit time increases during the third trimester (Chiloiro et al. intrauterine growth restriction and miscarriage (Zhang et al. 2015) . Pregnancy is 399 associated with a significant reduction in alpha diversity and an increase in beta 400 diversity by the third trimester (Koren et al. 2012) . At the species level, there is a 401 significant increase in abundance of Proteobacteria in the third trimester, which 402 has previously been observed in obesity (Turnbaugh et al. 2009 ) and chronic 403 inflammatory states (Mukhopadhya et al. 2012) . 
